Summary. Methods and equipment for collection of guinea-pig semen by electro-ejaculation and for liquefaction of coagulated semen ('rodent vaginal plug') with chymotrypsin are described. The electro-ejaculator was designed to deliver a 1000-cycle 12-volt square wave, via ano-lumbar (LI to L4) pathways, with an automatic 3-sec`on period' and 12\ x=r eq-\ sec`off period'. Thirty semen specimens were collected at weekly intervals from each of twenty-nine unselected guinea-pigs. Means without erection while stimulation of any one of levels L5, L6, S1, S2 resulted in erection. The method described appears to be a precise, repeatable and non-traumatic method of electro-ejaculation which is useful in studies to determine the effects of radiation or drugs on sperm production in the guinea-pig.
INTRODUCTION
The method for electro-ejaculation of guinea-pigs at the time that this work was started was the technique of Batelh (1922) , as modified by Moore & Gallagher (1930) , Sayles (1939) and Durfee, Lerner & Kaplan (1940) . Three 10-sec shocks of 5 to 35 volts AC were applied, using a blunt electrode in the mouth and a needle electrode at the base of the skull. Ejaculation usually followed violent and spasmodic whole-body responses. When this method was applied in our laboratory, it was severely traumatic to guinea-pigs; cessation of breathing, massive tonic contraction and eversión of anal mucosa were noted. Furthermore, ejaculation did not uniformly occur and it was often necessary to repeat the stimuli several times. The ejaculate was coagulated, with no liquid fraction, and did not liquefy after several hours at room tempera-ture. Finally, the use of 35 volts of 60-cycle AC was dangerous both to animal and operator. Oriol-Bosch & Parada (1960) , using similar methods, found the same side-effects and reported 116 ejaculations in 148 collections (72%).
An attempt was, therefore, made to develop a more precise and less traumatic method of electro-ejaculation and a practical technique for liquefaction of the semen coagulum. Dalziel & Phillips (1948) reported a technique for electroejaculation of chinchillas and guinea-pigs using ano-lumbar pathways, but did not analyse the semen collected. They found that use of 1000-cycle instead of 60-cycle AC abolished side-effects and that a square-wave stimulus gave a more uniform ejaculatory response. An apparatus was built in this laboratory to deliver a 1000-cycle square wave at 0 to 25 volts root mean square (rms) with a timer to give a 3-sec 'on period' and 12-sec 'off period'. The preliminary use of this instrument was described (Freund, 1958) and studies of factors affecting guinea-pig semen production using the technique have been reported (Freund, 1962a; Freund & Borrelli, 1964a, b; Freund & Borrelli, 1965) . The successful application of this technique to collect guinea-pig semen for a study of sperm-size distribution has been reported (Laurence & Carpuk, 1963 fig. 1 ). For calibration, the output of the electro-ejaculator was connected to the analogue, the wave form was displayed on an oscilloscope, and the controls on the amplifier were set to yield a 12-volt square wave. Although in our preliminary work (Freund, 1958) 
Collection of semen
The hair was clipped from the lumbar and sacral region and electrode jelly was applied to the skin to ensure electrical contact with the lumbar electrode. The guinea-pig was strapped to the board and its hind legs were tied. The lumbar electrode was positioned at L2 to L3. The anal electrode was dipped in lubricating jelly and inserted 4 to 6 cm into the rectum. A series of five 3-sec stimuli was then given, using the timer to give 3-sec 'on periods' and 12-sec 'off periods'. Semen was usually ejaculated during the first or second 'on period' and continued to flow during the successive periods of stimulation. The semen was collected into 1 ml of chymotrypsin-phosphate solution ( 1 mg chymotrypsin/ml phosphate solution) in order to liquefy the semen coagulum which formed almost instantaneously upon ejaculation (Freund, 1958) . Semen characteristics were determined by methods which are standard in this laboratory (Freund, 1962b) (Freund, 1962b) and bulls (Freund & Murphree, 1960) . However, mean normal mor¬ phology was 95% for the 870 specimens and the lowest mean value was 92%. This contrasts sharply with the wide variation in mean morphologies reported for unselected human donors (Freund, 1962b) (Freund, 1958) , makes motility rating difficult. Further examination of the interrelationships among semen characteristics may be made by correlation analysis (Table 3) . Sperm concentration/ml was negatively correlated with volume on total and ejaculates-within-animal bases while sperm concentration/ejaculate was positively correlated with volume on total, among-animals, and ejaculates-within-animal bases (Table 3) . This suggests that when a large volume of semen was ejaculated, although the sperm concentration/ml declined, the total number of spermatozoa increased. (Freund, 1962b Oriol-Bosch & Parada ( 1960) for the fructose concentration of the liquid fraction of coagulated guinea-pig semen, collected by the method of Sayles (1939) . In sperm respiration studies, pooled semen was used and mean sperm concentration was 9-538 106/ml, mean initial motility 60%, and final motility 45%. Oxygen uptake by sperm-free seminal plasma was small and averaged 0-78 µ /hr. Oxygen uptake by spermatozoa (mean of 28-612 x 106 cells/ flask) was large and, corrected for plasma uptake, was 7-16 µ /hr/flask. The Z02 (µ1/108 spermatozoa/hr) was calculated to be 25-03.
Erection and ejaculation in the guinea-pig
In routine electro-ejaculation, the lumbar electrode was a copper disc of 1-75 cm diameter placed at L2 to L3 and electrode jelly was applied to be cer¬ tain of delivering an adequate stimulus to vertebral levels LI to L4. Ejaculation invariably followed stimulation. Erection was noted only when the electrode was moved down into the sacral area.
In order to determine the vertebral levels at which erection and ejaculation occur, under the conditions of this study, a bar electrode (2-5x0-5 cm) and a clip electrode (alligator electrical clip) were substituted for the round elec¬ trode in separate trials, in which no electrode jelly was used and the anal elec¬ trode and all electrical parameters of stimulation were kept constant. The bar electrode was more useful than the clip in inducing erection and in localizing the vertebral level stimulated. The (Freund & Murphree, 1960) , two consecutive specimens of 5 ml each were collected three times a week, for a total of six specimens per bull per week. This volume was chosen because it approximated to the mean value reported for bull ejaculates collected in the arti¬ ficial vagina. In the guinea-pig, however, the volume of semen ejaculated at coitus is not known and ejaculates have not been collected in an artificial vagina to determine volume. Furthermore, because of the semen coagulum and the necessity for restraining the animal, it is impractical to monitor semen volume during collection. Therefore, a regular number of stimuli (five) were applied to standardize the procedure rather than continuing until 'enough' of a specimen had been collected. This approach has been confirmed by the data (Tables 1 and 2 ) which showed that ejaculates produced at once a week intervals by electro-ejaculation with five stimuli were different and character¬ istic for each animal in the group, in terms of specimen volume and sperm concentration.
It is difficult to compare the data in this study with the report of Scott & Dziuk (1959) on use of a bipolar rectal electrode for collection of guinea-pig semen. Their report does not detail the number of animals that were regularly collected, the number of specimens per animal, the total number of specimens collected, the method of selection of animals which were to be collected and/or of specimens which were to be counted, or the actual technique used to deter¬ mine ejaculate volume or sperm concentration. No tables of data or statistical analyses are presented.
Strain differences in semen characteristics may be a complicating factor in the comparison of data reported by different investigators. In this laboratory, the twenty-nine guinea-pigs used in this study from one breeder (Rockland Farms) produced a mean specimen volume of 0-5 ml with a range from 0-2 to 1 -0 ml (870 specimens), while a similar group of thirty-nine animals supplied by another breeder (Laboratory Animals) produced a mean volume of 1 -5 ml with a range from 0-4 to 2-2 ml (468 specimens). In a preliminary report on guinea-pig semen (Freund, 1958) Bennett (1967) demonstrated in the squirrel monkey that, after repeated electro-ejaculation at 5-day intervals, the amount of coagulum decreased and the sperm-rich fluid increased.
It is evident that data on vertebral levels that control erection and ejaculation can not be used to locate these spinal centres precisely in the guinea-pig. When external stimuli are applied, the discrete part of the nervous system that re¬ ceives the effective stimulus is uncertain, since the spinal root efferents or the spinal cord centres (or both) may have been stimulated. Furthermore, as in the cat (Semans & Langworthy, 1938) , the spinal efferents that play a role in erection and ejaculation run parallel to the cord for variable distances before running out to the periphery. Nevertheless, certain conclusions may be drawn about the application of electro-ejaculation, using ano-lumbar pathways. Erection consistently occurs when any one of levels L5, L6, SI and S2 is stimulated, which suggests that where ejaculation without erection is desired, stimulation of levels below L4 should be avoided. Although ejaculation did not take place in some cases (29%) when only one level from LI to L3 was stimu¬ lated, from L4 to Cl there was an extremely low incidence of ejaculation (12%). However, when any one level from LI to L4 was stimulated simultaneously with SI, ejaculation (preceded by partial or complete erection) occurred much more frequently (67%). This was not the case when any one lumbar level was stimulated simultaneously with S2, since the incidence of ejaculation was much lower (17%). These observations support the neurophysiological work of Semans & Langworthy (1938) , in the cat, who concluded that emission of seminal fluid into the urethra is mediated by way of lumbar roots and ejacula¬ tion of semen from the urethra through sacral roots. In routine work, where LI to L4 is stimulated with a disc electrode and electrode jelly, there is a regular flow of semen without erection and the author has interpreted this flow as ejaculation since the semen is usually expelled with considerable force and seems to flow only during the 'on period' of the stimulus cycle. However, if the data of Semans & Langworthy (1938) apply equally well to the guinea-pig, electroejaculation without erection may really be only emission since true ejaculation, or forceful expulsion of semen from the urethra, may be possible only after erection has taken place.
